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PREFACE

Two men stand out as pioneers in electronic television—
Philo T. Farnsworth, of Farnsworth Television Incorpo-
rated; and Dr. V. K. Zworykin, of the Radio Corporation
of America. Practically all of the basic research in this
work has been done in the laboratories of these two com-
panies, and it would be impossible to conceive any new
development that would not encroach upon the basic re-
search done in one or the other of these laboratories. From
time to time both Mr. Farnsworth and Dr. Zworykin, and
members of their respective staffs, have contributed articles
to proceedings of engineering and other learned societies,
especially the Journal of The Franklin Institute. These
articles have been scattered and were written primarily for
advanced engineers and scientists.

With the emergence of electronic television from the
laboratory into the field, it was obvious that an authentic
book on the subject was needed, a book that not only would
be accurate, but also would be written in a manner under-
standable to readers other than highly trained engineers.

It was equally obvious that the most reliable source of
information would be the two laboratories in which the
research had been done. The writer, therefore, wishes to
express his profound appreciation to the Radio Corpora-
tion of America and Farnsworth Television Incorporated,
for their splendid cooperation and patience. Both of these
companies kindly consented to check over material in the
book regarding their respective systems. Without their
help, in matters pertaining to each of their respective sys-
tems, the book could not have been written, and it is doubt-
ful whether any authentic book on electronic television
could be written without their help.

The writer wishes particularly to express his apprecia-
tion to Mr. Philo T. Farnsworth and his brother, Mr. Lin-
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INTRODUCTION

Electronic Television Breaks through the Laboratory Door

The life history of every important modern invention, in
some respects, is very much similar to that of a child. First
a child is carefully watched over and guarded by its
parents, then comes a day when the child must take its first
step—a step out into the world. The parents still watch
over the child, guiding and counselling and giving help
when help is needed. But the child then begins to make its
own way in the world on its own merits.

This day of “emergence” has come for electronic tele-
vision. Elaborate and costly research has been progress-
ing in the laboratory. Now electronic television steps out
into the field. It has ceased to be a thing about which engi-
neers and scientists cautiously wrote in the transactions of
learned societies, and about which few indeed outside of
the laboratories where it was born knew anything definite.
Up until now the people in the United States who have
actually seen the present day electronic television receivers
in operation could possibly be numbered in the hundreds.

Here is something new. A new science and a new art
is springing up, offering opportunity in many fields. A
new form of entertainment in the home, a new field of study
for the radio amateur, and a new field for the technician
and engineer is also born. The veil has been lifted, and
electronic television makes its bow to the public and the
engineer.

What Is the Present Status of Electronic Television?

There can be no doubt in the minds of even the most
skeptiecal that television must eventually come in a commer-
cially perfected form, simplified for everyday use, for as
in the motion picture, sound followed vision, so in radio,
vision must follow sound. In entertainment and study—in
life itself—sound and vision normally go hand in hand.

v
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Fig. 1. Mr. Philo T. Farnsworth (holding tube) and Dr. Rolf Moeller, of
Fernseh, A.G. This tube is part of the research even now going forward to per-
fect a tube which will project the picture. The projection tube in the receiver is
the next big step forward that can be expected in ELECTRONIC TELEVISION
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Many attempts have been made in the past to bring out
television, but most of these old attempts used mechanical
devices whieh were complex and cumbersome even though
the history of all inventions has shown that operations may
be more speedily and accurately accomplished by electrical
methods than by mechanical means. Electronic television
has none of the disadvantages of older mechanical methods.
It is, as its name implies—founded on electronic prin-
ciples—made possible through electronic devices.

It would seem well to direct attention at this point to the
background of the research that has made electronic tele-
vision possible.

The basic research has been pursued largely, in fact
almost entirely, in two laboratories in the United States.
It has been costly research, and for this, and other reasons,
there have not been great numbers of individual experi-
menters. The names of Philo T. Farnsworth, of Farns-
worth Television Incorporated; and Dr. V. K. Zworykin,
of the Radio Corporation of America, will always stand
out as pioneers in the field of electronic television research.

Naturally the work has been carried on more or less
secretly, and for this reason the general public has really
never known the vast extent of the research. Both of these
laboratories having ample financial resources, the work
progressed with a minimum of publicity. From time to
time dignified papers appeared in the transactions of engi-
neering and other learned societies, and the research was
conduected and reported in accordance with the highest engi-
neering ethics. Thus the history of the research work in
electronic television has been peculiarly free from the
financial and other complications that usually hazard new
developments, at least from the public’s standpoint.

Europe Has Nothing in Electronic Television Which the
United States Does Not Have

Despite the wide publicity that has been given television
progress abroad, neither England nor Germany have any-
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thing that the United States does not have. Farnsworth
Television Incorporated, has agreements for the complete
exchange of patents and technic with Baird Television, Ltd.,
of England, and Fernseh, A. (., of Germany; while the
Radio Corporation of America has certain patent and
license agreements with Electrical and Musical Industries,
Ltd. (E. M. I.) of England, and Telefunken, of Germany. So

Fig. 2. Dr. Zworykin, director of the Electronic Research Laboratory of the
R.C.A. Manufacturing Co.

far as practical developments are concerned, this embraces
the electronic television situation of the world.

When Will the Public Have Electronic Television?

Naturally this is a question that is in the minds of the
vast majority of people. And it is as yet unanswered
because, to the great credit of the two pioneers in the field
of electronic television, they have gone forward with ex-
treme caution, and have made no fantastic promises or
statements of any kind. The infancy of electronic tele-
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vision has been a healthy one in the laboratory. Its early
childhood in the field promises to be equally healthy. Even
now, it is being built on solid ground.

So in attempting to answer this question it is best to
stick closely to actual facts. Two electronic television sta-
tions are now built, that of the Farnsworth Television
Incorporated, in Philadelphia; and that of the Radio Cor-
poration of America, in New York. These are, of course,
considered experimental stations, but from them much
needed data will be obtained—the kind of information that
can only be obtained in the field. Electronie television has
stepped out of the laboratory, it has crossed an important
threshold. The first great step outside has been taken.

The present status of electronic television has been com-
pared to radio in its “head-phone” stage. This statement
is at the same time true and untrue. Rapid developments
have been made in electronic television, and today it seems
far ahead of the radio of “head-phones and ecrystal sets.”
The developers of electronic television have profited by the
mistakes that were made in the introduction of radio, and
have deliberately withheld it from the public until it has,
at the present time, much higher entertainment value than
did radio in its “head-phone” stage.

Transmission, however, offers a greater problem than
confronted radio. Sinece electronic television must be trans-
mitted over the ultra-high frequency bands (ultra-short
waves) the effective radius of each station is not as great
as that of a regular radio broadcasting station. This means
that more stations will be required to cover a large area.
Yet ten stations placed in key cities would serve a large
proportion of the population of the United States.

The recent highly successful demonstration of the R.C.A.
three-meter circuit between New York and Philadelphia,
using two unattended and automatic relay stations, would
seem to indicate that the problem of distance transmission
over the ultra-high frequency parts of the radio spectrum
has been successfully solved. While this ecircuit has not
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been officially tested for the transmission of television, yet
there seems to be no good reason why it cannot be used for
that purpose.

‘When it became expedient to “hook-up” chain broadcast-
ing over land wires (what are now known as radio net-
works), the existing long distance telephone wires and
cables were available and ready for use. But, special
co-axial cables will be necessary to tie electronic television
transmitting stations together for simultaneous transmis-
sion on a basis comparable to radio broadecasting. For-
tunately, however, these same special co-axial cables will
also be used for increasing the number of telephone con-
versations that can be carried, so in fact, electronic tele-
vision is merely keeping apace with telephone research.

Electronic television right now offers a good and clear
picture, with unusually high entertainment and educational
value. This picture is shown in a cabinet that is about the
size of the present-day console radio cabinet and can well
be accommodated in the average living room. The unit is
self-contained and there are no elaborate motors and mov-
ing parts.

Research work is already well advanced on a new tube
which will make it possible to project an electronic tele-
vision picture on a screen. 'This is mentioned merely so
that it may be realized that research is going forward at
a rapid pace.

The eye is a far more ecritical organ than the ear, and
for that reason a far higher degree of perfection will doubt-
lessly be demanded of the electronic television receiver than
was demanded of early radio. Again, from the visual
standpoint, people have come to look upon the motion pie-
ture as a criterion. Now the motion picture is praectically
a perfected art. So it will be seen that the standards of
comparison set for electronie television are far higher than
those that were set for early radio.

The question, “When will there be electronie television in
the home?” can only be answered by the people asking the
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question, paradoxical as that may seem. Despite the prob-
lems involved—the arranging of programs—the stringing
of new lines and cables for station-to-station transmis-
sion—the actual building of stations, and other problems—
there will be television in the home as soon as people want
it—when they express a desire for it and demonstrate a
willingness to pay for it. Electronic television was pur-
posely kept in the laboratory until engineers were sure that
it was ready for a field test. These engineers are now
agreed that it is ready to emerge from the laboratory stage,
and future problems will have to be worked out, just as the
early problems of radio broadecasting were worked out, in
actual field operations, in which a large number of people
played an active part.

What Part May the Radio Amateur Expect To Play in
Electronic Television?

The amateur has been a pioneer in the field of radio com-
munication. He explored wave bands that, at the time,
had not been particularly useful for other purposes, and
then, when other uses were found for those bands, he
was forced into bands of shorter and shorter waves. He
now stands on the threshold of having the ultra-short wave
bands more or less snatched away from him for the advent
of electronic television.

For this reason, if for no other, Philo T. Farnsworth
feels that the amateur should have a part in the further
development in electronic television. To be sure, the elec-
tronic television receiving set will be a far more complicated
thing to build, and will require a far greater skill and
knowledge, than did the radio sets built by early amateurs.
But it must be remembered that the amateur of today is a
far more learned man than was the amateur of the early
days of radio, and he will be able to accomplish far more
than did his brother of fifteen years ago.

Parts will be available, especially the cathode ray receiv-
ing tubes, and there should be no serious obstacle in the
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path of the amateur and the radio experimenter wishing
to plunge into electronic television. And it is to be hoped
that the amateur will prove himself as valuable in the com-
ing development of this new field, as he did in the field
of radio development. Many of the present-day radio engi-
neers have come from the ranks of the amateurs, and it
does not seem too early to predict that electronic television
will have to look to this source for many of the men who
will be required in television work in the years ahead.

Electronic Television and Radio

Fear has sometimes been expressed as to the effect of
electronic television upon radio. This fear seems to be
groundless since it is not at all the purpose of electronic
television to displace radio as it is known today. Present-
day broadcasting will always have its place, and electronic
television does not in any way encroach upon radio broad-
casting any more than did sound motion pictures. In any
event, radio broadcasting, and its many ramifications in
the business and advertising fields, is safe for many years
to come, no matter how great strides are made by television.
It would be absurd to even think that a huge industry such
as radio has grown to be could be serapped over night, and
it is not at all the purpose of electronic television to attempt
this.

Electronic Television and the Motion Picture Industry

After careful consideration it seems that, in the long run,
the motion picture industry has much to gain from elec-
tronic television. It seems safe to assume that, if there
are no untoward restrictions made by the motion picture
industry itself, a large part of the television programs will
be made up of films. Sound motion pictures lend them-
selves very well to electronic television. The motion picture
producer will eventually be able to sell his entertainment
directly to the consumer in his own home; and will no
longer be forced to become involved, in one way or the
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CHAPTER I
FUNDAMENTALS

Electronic Television a New Field

Electronic television opens an entirely new field in the
vast realm of radio communication, but it must not be as-
sumed that it will displace the present broadcasting of
sound, for that is not its purpose. It will most certainly,
however, offer new opportunities for the amateur and radio
engineer alike. Here will be found a new sphere, the sur-
face of which has not been scratched.

The research and development of electronic television
has, for the most part, been carried on in two private lab-
oratories in the United States, and therefore very little re-
garding its inner working has been made public. What has
been released from time to time has been more or less gen-
eral. It is the purpose of this book to be, above all else,
definite, and to give both the amateur and the engineer a
firm grasp upon this subject, a subject destined to become
more and more important.

Electronic television has little in common with the tele-
vision that has preceded it, for in it there are no mechanical
parts, there is no mechanical scanning, everything is done
electrically.

Nor should electronic television be confused with tele-
photography, because it affords practically instantaneous
transmission and reproduction of scenes with the added
illusion of motion. Telephotography is neither instantane-
ous, nor does it give motion.

The whole subject of electronic television is best ap-
proached, it would seem, by asking and answering the two
following questions:

1. What does electronic television seek to do?

2. How does electronic television accomplish this?

3
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What Does Electronic Television Seek To Do?

This question is best answered by starting with a scene
and following it through its various steps until it is repro-
duced at a receiver. First: the scene is transformed into
an optical image by a lens, in the same manner that a
camera, either still or motion picture, works. Second: this
optical image is transformed into an electron image. Every
point of this electron image gives off emissions which
are in proportion to the amount of light falling upon that
particular point. Third: this electron image is then taken
apart in an orderly manner, in sequence, ‘‘dissected’’ as it
were, and the emissions are transformed into electrical im-
pulses, which, in turn, are proportional to the amount of
light falling on the respective parts. It must be remembered
that in electronic television this ‘‘taking apart’’ or ‘‘dis-
section’’ is done electrically; there are no mechanical parts.
Fourth: the electrical impulses, or signals, after proper
amplification, are transmitted over a single channel either
through the air or over specially designed cables to a
receiver. Fifth: in the receiver the procedure is reversed,
and the ‘‘dissected’’ picture is reassembled.

This procedure, it will be seen, would give one picture,
a ‘‘still,”” but motion is desired. In order to give the illusion
of motion, and to transmit motion from a moving scene,
the above procedure is duplicated many times a second,
from 15 to 60. The number of times per second that this
procedure is duplicated is known as pictures or frames per
second.

This briefly outlines what electronic television seeks to
do. The second question will not be gone into.

How Is This Accomplished?

‘While it is not the purpose of this book to go deeply into
the theories of electronics that make electronic television
possible, yet an understanding of the basic theories behind
electronics must be understood in order to grasp the sub-
ject. These theories are briefly as follows:
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The Electronic Theory

Scientists now almost generally agree that the atom, the
smallest particle into which it was hitherto assumed that
any element could be divided, itself is made up of a system
of two kinds of even smaller particles; each individual
atom consists of one proton with a positive charge of elec-
tricity and varying numbers of electrons with negative
charges.

The proton, and some of the electrons, form a central
‘‘kernel,”’” which is the smaller, but more massive, part of
the atom. The remaining number of electrons in the atom
circulate about this ‘‘kernel’’” much in the same manner
that the planets revolve about the sun. The number of elec-
trons and their arrangement about the proton are different
in each element.

These roving electrons are free to move in their paths,
but are restrained when they reach the boundary of the
atom. If, however, energy is supplied to the roving elee-
trons from outside of the atom, one or more of the roving
electrons may approach the boundary of the atom with suf-
ficient force to break loose.

The roving electrons may be compared to marbles rolling
around in a deep dish, such as a soup plate. They can roll
around the bottom but cannot escape. However, if some
outside force is applied, they can be given enough impetus
to roll up the edge and become free.

The Photoelectric Effect

With the electronic theory itself in mind, the photo-
electric effect should be briefly gone into, because this is
the very basis of electronic television.

It has been found that light falling upon certain metals
gives the roving electrons of those metals sufficient energy
to escape the boundaries of their atoms, and the emission,
or escape, of these electrons, and their subsequent passage
through a conduector, constitute the photoelectric current.






FUNDAMENTALS 7

Essentially the photoelectric cell consists of a cathode
with a photosensitive surface, and an anode to collect the
photoelectrons emitted when light falls on the cathode (see
Fig. 3). When this cathode is illuminated, photoelectrons
are emitted, and the emissions are in proportion to the in-
tensity of the light. The cell is connected, as shown, with a
battery of sufficient voltage so that the emitted electrons
from the cathode may be ‘‘drawn off.”’

As the intensity of the light varies, the readings of the
galvanometer, measuring the photoelectric current, will
vary.

The photosensitive elements are exceedingly active chem-
ically, readily combining with oxygen. So in practice they
are inclosed in a tube containing an inert gas, or vacuum.

When the cathode of a photoelectric cell is exposed to a
light source, there are electron emissions from it, and these
emissions are in proportion to the varying intensities of
that light source.

Scanning

With these fundamental principles in mind, the reader is
ready to approach the important subject of scanning.

Taking the picture in Fig. 4 as the ‘‘picture field,”” or
“optical image,”’ it at once becomes clear that nothing
would be gained in exposing the entire picture to the
cathode of a photoelectric cell. Yet each section of the
picture reflects an amount of light in proportion to the light
and shadows of the various points on the picture. The
human eye sees the picture because it is able to ‘‘dissect”’
the optical image into small parts and ascertain the pro-
portional amount of light coming from each part; and then
assemble these ‘‘signals’’ as a picture again in the ‘‘re-
ceiver,’”’ the brain.

Suppose that instead of exposing the whole illuminated
picture to the cathode of a photoelectric cell, a small square
aperture h units on a side, that is, & square in area, is
moved across the picture in closely adjacent parallel strips.
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The light coming through this moving aperture is exposed
to the cathode of a photoelectric cell. It will be seen that
the photoelectric current resulting will vary with the light
and shadows of the picture. Where the picture is of omne
intensity, as from B to C, the photoelectric current remains
constant, a straight line on the graph.

If the whole picture is H units high, the number of times

that the aperture will pass over it to cover the entire picture
will be H

1. Tt will thus be seen that the picture has been ‘‘dis-
sected’’ in a number of little squares, 2 on a side, and the
different average intensities of light in each square have
been converted into different respective intensities of elec-
tric current.

2. It will also be seen that the height and breadth of the
picture, two dimensions, have been reduced to a single
continuous line. In short, the picture has been cut into a
number of strips, and these strips are put together in one
continuous strip.

Thus, from 1 and 2, it will be seen that the two character-
istics of an electric current, amplitude or magnitude and
duration of time, are achieved, and it is possible to convey
the light intensities and space dimensions of a picture over
a single channel.

The receiver merely reverses this process of dissection
and reassembles the picture.



CHAPTER 11
THE FARNSWORTH SYSTEM

With these basic prineciples in mind, the reader is ready
to follow in detail the design and workings of electronic
television. It would seem best to first take up the matter
of pick-up, following the picture through the entire process
until it finally again appears as an optical image at the
receiver.

The Pick-up or Image Dissector

The system of electronic television for which Philo T.
Farnsworth is responsible is extremely ingenious, but also
quite simple considering the problems involved. Kach of
these problems has been met after years of untiring re-
search.

In the Farnsworth System, the transmitter centers about
the pick-up, which is known as the Image Dissector. Briefly,
this is a vacuum tube which converts the various light in-
tensities of a seene focused upon its photosensitive surface
into fluctuations of an electric current. In addition to this
it ‘““analyzes’’ the area of the scene into a regular succes-
sion of space elements, converting them into corresponding
signal currents that can be transmitted over a single com-
munication channel.

The Farnsworth ITmage Dissector will best be understood
if its ‘‘evolution,’’ as it were, is studied, taking up each
difficulty encountered, and explaining how it was met.

Essentially the image dissector tube is an evacuated tube,
with a silver oxide-caesium cathode, in the form of a disk.
This disk is perfectly smooth, almost polished, and gives
the photoelectric element required.

The Evolution of the Image Dissector Tube

The steps in this evolution and the problems encountered
and met are as follows (Fig. 5A and B):

10
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sector tube being polished, it is comparatively easy to focus
the scene sharply upon it by means of the lens.

Two problems at once present themselves: (1) The elec-
trons or photoelectron emissions from every point on the
photosensitive surface do not come off in straight lines
parallel to each other, but every point sends off emissions
in the form of cones. The ideal solution would be to get
these emissions into lines parallel to each other, so that a
plane, parallel to the cathode surface, cutting the parallel
paths of the electron emissions, would be an exact dupli-
cate of the emissions from the cathode itself. (2) The
photoelectrons are emitted from the cathode with random
velocities ranging from zero to one volt. The second prob-
lem is to accelerate the photoelectrons toward the anode.

These two problems were met as follows (Iig. 5B):
Electronic emissions ean be ‘“guided’’ by means of a proper
magnetic field. Hence a coil carrying direct current is
wrapped around the tube. This sets up a magnetic field
which must be uniform and of the proper intensity, and
so designed that its lines of force are parallel to the axis
of the tube. This magnetic field bends the paths of the elec-
trons into helical paths, tangent to the line of force through
the emitting point. In simple language, the field overcomes
the divergence of the eleectron paths, and for all practical
purposes they may be said to travel in parallel lines due to
the magnetic field. By proper adjustment of the direct
current in the coil it is possible to focus the paths of elec-
trons so that at any plane parallel to the cathode plane,
there is a sharp focus of the emissions, giving an exact
duplicate of the cathode emissions, point for point.

An anode is added, part of which is a ‘‘finger-like’’ ar-
rangement embodying on apertured target. An accelerating
voltage of approximately 700 volts is added to accelerate
the photoelectrons.

It will be seen that the electron emissions of the cathode
surface are traveling toward the anode, and that each of
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these emissions is proportional to the respective amount of
light falling upon the cathode surface from the optical im-
age being ‘‘picked-up.”’ It will also be seen that these
emissions can be sharply focused so that the emissions
from the cathode surface are duplicated in the plane of the
target. This second set of emissions, exactly duplicating
those from the cathode surface form what is known as the
electron image.

If this discharge — the electron image —is bombarded
against a fluorescent screen, the optical image is reproduced.
The fluorescent screen serves as a transducer, absorbing
electrical energy and emitting light.

Having obtained an electron image, in the image dissec-
tor tube, the next problem is How Can This Electron Image
Be Scanned? How can every point be gone over in sequence,
taking off the various electronic impulses or signals in an
orderly manner so that they may be transmitted and re-
assembled in a receiver?

Scanning Motion Picture Films

Assume that it were possible to have a small scanning
aperture, or opening, on the end of a device, shaped like
a lead pencil and forming part of an anode. Then assume
that this device were moved back and forth across the elec-
tron image, from left to right, at a uniform rate, and then
almost instantly returned to the left, and again moved
across uniformly, along a line parallel and next to the line
traced above. As this device moved along from left to
right, electron emissions from respective parts of the elec-
tron image would enter the aperture and give a continuous
signal. If this could be duplicated at a receiver, the image
could be duplicated. Obviously all this would be impractical.

Now the paths of electrons can be deflected by magnetic
fields. This fact offers a solution to the above problem.

Instead of moving the scanning aperture about, the
scanning aperture is fixed, and the electron image is moved.
The result is the same (see Fig. 6).
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Two motions were found necessary to carry every part of
the electron image across the scanning aperture so that each
part might be picked-up in an orderly manner in sequence.

The film was run past the opening at the rate of 24 piec-
tures per second. It will be seen that the electron image
would have the identical motion as the film. This, of course,
gives the vertical motion.

The two coils, in series, and fed alternating current were
added as shown. These coils deflected the electron image
back and forth, from 4 to B, and B to A4, as shown, while
the motion of the film itself carried the electron image re-
sulting from the optical image from C to D.

It must be noted that in this device the motion picture
film moves steadily, and is not ‘‘jerked’’ from picture to
picture, as in a projector.

‘While there are 24 motions from C to D per second, there
are some 5,760 motions from 4 to B and back to 4 per
second.

While the film is moving vertically at the rate of 24 pic-
tures per second, steadily and uniformly, the horizontal
scanning coils are adjusted to move the electron image
back and forth across the scanning aperture at 5,760 times
per second. Obviously it would be desirable to scan hori-
zontally in only one direction, as from left to right, in order
to approximate a straight line. Therefore the coils are ad-
justed to give a ‘‘quick return,’’ and in this way a straight,
continuous line is closely approximated. Thus, the electron
image is comparatively slowly moved from left to right.
across the scanning aperture, and quickly returned to begin
again.

The size of the scanning aperture itself must be worked
out from the number of horizontal cycles or trips per sec-
ond back and forth of the electron image. The number of
horizontal cycles across each individual picture frame is
known as the lines in television. Thus, if there are 240
cycles of horizontal scanning for every frame, the result is



ELECTRONIC TELEVISION

Fig. 7. The Farnsworth Telecine Used for Scanning and Transmitting Motion
Picture Film
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said to be 240 lines (definition). If there are 240 lines per
frame, and 24 pictures, or frames, per second, there are
5,760 horizontal cycles per second (24 x 240).

The matter of lines and pictures, or frames, in television,
is of great importance, and will be gone into fully later.
Now the electron image emitted from the cathode in the
Farnsworth Image Dissector Tube under discussion is
actually 4 inches in diameter. If 240 lines are desired, it
is obvious that each strip to be covered by the scanning

aperture should be or .017 of an inch wide. Actually

the scanning aperture is made .015 inches wide.

The Telecine

The Farnsworth device for picking-up, or scanning, mo-
tion picture film is known as the Telecine Projector. The
entire scanning and transmitting unit is very compact
(Fig. 7).

The high development of the projector for picking-up
motion picture films has brought about an exceedingly in-
teresting technic in television pick-up, especially in Ger-
many, where Fernseh A. . has an agreement for the com-
plete interchange of patents with Farnsworth Television
Incorporated. This is known as the Intermediate Film
Process.

The Intermediate Film Process

Briefly, the scene to be picked-up is ‘‘taken’ on an
ordinary motion picture camera, special film being used.
This film immediately passes through a developer, fixer,
and washing bath, and is partly dried, and then passed to
a Telecine Projector, where it is scanned. The process has
been perfected to the point where there is a delay of only
about one minute from the time the scene is being taken
until the film is being scanned and transmitted.

The film is then thoroughly dried and stored. Fernseh
A. G. has trucks equipped to travel about and pick-up
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posed film goes through developer (D), fixing bath (F),
and washing bath (W). It is then partly dried, scanned,
and then fully dried and stored.

The Farnsworth Multiplier

The evolution of the Farnsworth Image Dissector has
been followed to the point where a dissector is required
that will scan actual scenes both in the studio and outdoors.

Two new problems then presented themselves: (1) In the
scanning of motion picture film, the light could be con-
trolled so that it would always approach the ideal. Now
in the studio and out-of-doors this control of intensity of
light could not be so well ordered; in fact, out-of-doors
light must usually be taken as found. The result of this
problem was that often the impulses from the electronic
emissions caused light falling on the cathode were ex-
tremely feeble, and some new means of amplification was
necessary. (2) In scanning motion picture film the path of
the film past the lens, at a steady rate of speed, supplied
the vertical motion necessary for scanning. However, in
scanning actual scenes direct, this vertical motion had to be
supplied.

This second problem was solved by placing another set
of coils, in series, and fed alternating current, above and
below the tube. These coils deflect the electron image up
and down, while the first set of coils (horizontal) deflect
the image back and forth. Thus this second set of coils
provide a motion to the electron image similar to the motion
supplied by the film in the Telecine.

The vertical coils have a frequency of from 15 to 60, that
is, they are capable of scanning from 15 to 60 electron
image pictures per second. Thus they are known as low
frequency coils. These coils have from 5,000 to 10,000 turns
each.

The first problem has been most ingeniously solved by
the Farnsworth Multiplier, which is incorporated as a part
of the Farnsworth Image Dissector Tube.
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SECONDARY ELECTRON MULTIPLICATION

Before taking up the Farnsworth Image Dissector Tube
in its complete form, it is necessary that the reader have
an insight into secondary electron multiplication, a subject
important not only in television, but in the future of the
whole science of radio communication.

Amplification

The science of radio communication has been built up
largely because of the availability of devices which will
amplify feeble and very rapid electrical variations. In
short, amplification is a very important factor of radio
communication.

The amplifiers in use are all essentially relay devices in
which a feeble electrical voltage ‘‘triggers off’’ a constant
source of power in such a manner as to give a new electrical
variation similar in all respects to the original except of
much greater power. This process is repeated successively
many times until the final variations may be more than a
million times greater than the original electrical impulse.

The extent to which such amplification may be carried,
however, is limited. This is because electric charges are not
a homogeneous fluid, but have a definite atomistic strueture.
To use an analogy to explain this, electric charges are not
like water flowing, but rather like a stream made up of
extremely small shot.

Two forms of interference arise because of this fact. The
first of these is directly due to the corpuscular ¢‘grain’’ of
the electric fluid. This interference, or ‘‘noise’’ as it is
called, is produced by the grain size of the current, and is
called the Schotke effect, and may be likened to the noise
produced by the patter of rain upon a tin roof.

It is a matter of common observation that the amount of

20
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noise produced by rain increases as the rainfall becomes
heavier. Similarly, the amount of fluctuation noise gen-
erated in an amplifier is proportional to the electrical cur-
rent which is used in an amplifier. In the ordinary hot
cathode tube type of amplifier, widely used in radio today,
the total current flowing across the tube may be a million
times larger than the component of that current which
represents the amplifier signal.

Another source of interference which limits the amount
of electrical amplification is known as thermal noise. This
is due to the fact that the electrons in a substance share the
movements of the molecules in the material, and thereby
produce rapidly varying electric currents in the elements
of the amplifier. This results in random voltages being
applied to the input of the amplifier, which cannot be dis-
tinguished from signal impulses of the same order of
magnitude.

In television these small effects become highly important,
since they limit the amount of amplification to be used in
the image pick-up device. There are two reasons for this:
(1) The electric currents generated by the transmitting
device are extremely feeble. (2) The duration of certain
components in the picture currents are so short that as low
as 5 or 10 electrons may represent the total quantity of
electric charge involved.

To overcome these difficulties Philo T. Farnsworth de-
veloped a system of electron multiplication for amplifica-
tion to be used in the Farnsworth Image Dissector Tube.
This furnishes amplification with a much lower ‘“noise’’"
level than can be obtained with the ordinary thermionic
(“‘hot tube’’) relays.

The Farnsworth Multipactor Tube

Secondary electron multiplication can best be understood
by going back to the original analogy of the electrons of a
substance being likened to marbles, or shot, rolling around
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may fill almost the entire space between the cathodes, or

may be merely a ring.
A coil surrounds the envelope in the form of a solenoid.

Fig. 10. Farnsworth Radio Frequency Type Electron Multiplier Tube such as
outlined in Figure 9

This coil is supplied with direct current, which establishes
a longitudinal magnetic focusing field between the cathode

plates.
The cathode plates are supplied with radio frequency at
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a frequency of approximately 50 megacycles, or higher.
The anode is connected through a meter to the positive
terminal of a variable potential source.

Briefly, the multipactor works as follows (see Fig. 9):
If an electron is emitted at the point K, ordinarily it would
strike direetly for the anode at a point such as 4, because
of the accelerating voltage between the anode and eathode.
However, because of the action of the magnetic field set up
by the focusing coil, the electron does not go directly to 4,
but strikes the opposite cathode at a point such as B. Now
the oscillator works between the two cathodes. At B the
single electron smashes out more. These, in turn, by virtue
of the oscillator, are sent back towards C, where more elec-
trons are smashed out, and these in turn finally go to a point
such as D, where the accumulation of electrons, many times
the number of the single electron, are gathered by the anode.

Because of the extremely high multiplications obtainable
in multipactor tubes, the tubes may be used as a source of
electrons for purposes other than amplification. For in-
stance, composite silver oxide-caesium surfaces, similar to
those used in making photoelectric cells, have an emission
of between 10** and 10-** amperes per square centimeter at
ordinary room temperature. If these feeble currents are
multiplied a million million times, an ampere electronic
output is obtained from cold metal surfaces.

Currents initiated by this process and of this order are
in constant use in the Farnsworth Laboratories, being used
for many purposes, particularly the conversion of direct
current voltage to oscillating voltages of from 100,000 to
several hundred million cycles per second. Such oscillators
start by merely closing a switch in the battery circuit. It is
not necessary to wait until they ‘‘heat up,’” as in the case
of thermionic tubes.

The practical advantages of these multipactor tubes used
as oscillators are their simplicity and very high conversion
efficiency, which may be as high as 95 per cent. The very
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Fig. 12. Farnsworth Image Dissector Tube with Multiplier
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Fig. 13. The Farnsworth Pick-Up Camera complete.
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(Note compactness)
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CHAPTER V
THE R. C. A. SYSTEM

The Iconoscope

The iconscope is the vital center about which the R. C. A.
system of electronic television is built. This pick-up device,
which approximates the human eye itself, resulted from the
experiments of Dr. V. K. Zworykin. The word iconoscope
was taken from the Greek word icon, meaning ‘‘image,’’
and ‘‘scope,’’ signifying ‘‘observation.”” It has also been
called the electric eye.

There are two outstanding, distinguishing features in
the iconoscope:

1. The optical image is not focused upon a single photo-
sensitive cathode, but upon vast numbers of separate and
distinet minute photoelectric elements, each acting like an
individual photoelectric cell, each registering the propor-
tionate amount of light falling upon it from the respective
part of the optical image.

2. The signals from each of these cells, each signal going
out in sequence on a single channel and registering the
amount of light falling on that cell, are obtained by a most
ingenious discharge method.

It was necessary to surmount tremendous obstacles in
order to make this device practical. In the first place, it is
evident that the number of distinet photoelectric elements
must be equal to, or greater than, the number of elements
into which the picture is subdivided. Therefore, if a 243-
line picture is to be transmitted, at least 80,000 elements
will be required, while a 350-line picture will require some
150,000 elements. Furthermore, in order to produce the
illusion of continuous motion in the picture, at the receiver,
20 to 30 complete pictures must be transmitted each second,
so that the time available for transmitting the information

34
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ual photoelectric cells, and the group would be analogous
to a row of these cells. The shot might be likened to the
electrons. This row of cells, each charged to capacity with
shot (electrons), is balanced by a weight on the left-hand
beam. A strip of light from an optical image is focused on
the row of cells. According to the theory of photoelectricity,
each cell will emit electrons in proportion to the amount of
light falling upon that cell. Some will emit more than
others. Naturally the balance will be upset.

However, a nozzle ¢ moves across the top of the row of
cells at a constant rate, filling each with shot, the amount
poured in being the exact amount that has been emitted
from each cell, the surplus shot from C overflowing.

Now as C fills each cell the pointer P will move, and the
motion of P will be in proportion to the amount of shot
(electrons) necessary to make up for the emissions. If a
pen were placed at P, this would mark a curve which would
show the amount of the emissions. This, roughly, is the
analogy of the way the scanning signal is taken off the
iconoscope.

Actually the iconoscope (see Fig. 18) is 18 inches long
and the sphere is 8 inches in diameter. It is an exceedingly
highly evacuated tube, containing:

1. The mosaic. This is the photoelectric element of the
iconoscope. In actual practice the number of photoelectric
elements on the mosaic is many times the number of ele-
ments making up the picture transmitted.

2. The signal plate. This is formed by a metallic coating
on one side of a thin sheet of mica. The mosaic and signal
plate form the retina of the inconoscope proper.

The mosaic can be produced by a number of methods, the
simplest of which is the direct evaporation of the photo-
electric element on the mica sheet in a vacuum. Another
suggested method would be to rule the mosaic from a con-
tinuous film of photoelectric metal on mica, using a ruling
machine.
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The mosaic used in the iconoscope is made up of silver
globules each of which is photosensitized with caesium.

3. In the neck of the iconoscope is placed an electron
gun. This, for convenience, is placed at an angle of 30 de-
grees to the normal passing through the middle of the
mosaie.

This electron gun consists of an indirectly heated cathode
of its own, with the emitting area located in the tip of the
gun’s cathode sleeve.

The electron stream from this gun is focused by the
electrostatic field between the elements of the gun itself
and a second anode. The electron gun will be more fully
covered when receivers are dealt with.

4. The inner surface of the neck of the iconoscope, as
well as part of the sphere, is metallized, and serves as a
second anode for the gun, as well as a collector of photo-
electrons from the mosaic.

The electron stream from the gun can be deflected by
means of magnetic fields at right angles to each other. By
means of these sets of coils, two in series for vertical scan-
ning, and two in series for horizontal scanning, each set
fed alternating current at a frequeney proper to give the
““lines” and ‘‘pictures’’ or ‘‘frames’’ desired.

The electron stream plays across the mosaic as a scan-
ning beam. In addition, the alternating current fed the
scanning coils is of the sawtooth variety, giving quick
return.

The actual working of the iconoscope is best understood
by considering the circuit of a single photoelectric element
of the mosaic (see Fig. 19).

P represents the element, and C that element’s capacity
to the signal plate, common to all the elements.

The optical image is sharply focused upon the mosaie.
Every element P on the mosaic emits electrons in propor-
tion to the amount of light falling upon the respective
elements.
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‘When the element P emits electrons, due to light falling
upon it, electrons (negative) are, of course, given up. This,
then, leaves the element charged positive. The magnitude
of this charge is also a funection of the light intensity, be-
cause the electrons emitted were directly proportional to
the light.

Now when the electron beam which scans the mosaic
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Fig. 21. Studying a New Tube

from the electron gun strikes this particular element, the
beam supplies the electrons which were emitted, and the
element may be said to be discharged.

Electrons from the beam, in excess to those needed to
discharge the element, merely ‘‘roll”’ off, as it were, just
as a jet of water directed into a partly filled bucket, fills
the bucket, and the excess overflows. These overflow elec-
trons are collected by the anode of the iconoscope.

The complete electrical circuit of each element (see Fig.
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19) can be traced from P. (cathode) to C (signal plate),
resistance R, the source of an E.M.F., and the anode P..

It will be seen that the discharge current from each ele-
ment will be proportional to the positive charge on that

Fig. 22. The Control Panel of the R.C.A. Experimental Television Station in
Camden, New Jersey

element, and hence the intensity of light falling on that
element.

The electrical circuit then transforms this discharge
current into a voltage signal across the output resistor R.



THE R. C. A. SYSTEM

43

Fig. 23. The Iconoscope Pick-Up Camera
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Fig. 24. The Ieonoscope Pick-Up Camera Complete









CHAPTER VI
HIGH DEFINITION

Explanation

High definition is a term that will be heard frequently
in the discussion of electronic television pictures. The term
itself is self-explanatory, since it means a picture at the
receiver that is clear and sharp in detail. Before going
into the subject of high-definition pictures, it may be well
to first study the difficulties involved and then the manner
in which electronie television has surmounted them.

Problems

The difficulties involved can best be understood by con-
sidering the photographs reproduced in newspapers. Those
reproduced in the better newspapers are made up of ap-
proximately 10,000 picture elements per square inch. This
would be 100 screen, as the term is used in the printing
trade. These individual picture elements can easily be seen
in any newspaper picture by using a reading glass. There-
fore, if as good a picture is to be obtained in television as is
found in the daily newspapers, it will be necessary to build
up the reproduced television picture from, and with, 10,000
picture elements in each square inch of picture.

Now to transmit television pictures practically it is nee-
essary that they be transmitted one element at a time; and,
as is the case in the pictures printed in the newspaper, the
greater the number of elements per square inch for a given
picture, that is, the smaller each element, the more excellent
is the picture obtained.

One Method of Transmitting a Picture

‘While the following method of transmitting a picture
would obviously not be practical, yet it serves to make

47
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Fig. 26. A Simple Method for Sending Pictures by Wire or Radio




HIGH DEFINITION 49

clear a procedure which will help the reader to more easily
grasp the superiority of electronic television over other
methods. '

Taking an average photograph 3 inches square, that is,
9 square inches in area, it will be seen that, in order to
transmit this photograph with a definition as clear as a
newspaper reproduction, it would be necessary to break it
up into nine times 10,000 elements, or 90,000 elements.

It would be possible, but not practical, to do this as fol-
lows. The 3-inch-square photograph could be greatly en-
larged, and 300 fine lines drawn across it horizontally, and
300 more fine lines drawn across it vertically. This breaks
the picture up into 90,000 small squares or elements.

Now each of these 90,000 elements, or squares, of the pho-
tograph, is either entirely black, entirely white, or an inter-
mediate shade of black and white. It would be possible to
establish approximately ten shades between black and
white, and give each shade an identifying number, say num-
bers between one and ten. Kach element could be consid-
ered as having an average shade corresponding to one of
these numbers.

At the far end of the circuit a draftsman could have a
large sheet of drawing paper ruled with 300 horizontal and
300 vertical lines, corresponding to the lines on the the en-
larged photograph, and divided into like squares.

A telegraph operator could send a series of 90,000 num-
bers, each number representing one of the ten shades of
black and white for a respective element of the photograph.

Briefly, the operator would go across each of the hori-
zontal lines, from left to right, sending the numbers cor-
responding to the shades of the squares as he came to them.
When he finished completely across the 300 squares of the
top line, he would go back to the left, and begin on the 300
squares of the next line, until he had sent 90,000 numbers.

As fast as the draftsman would receive a signal, he would
fill in the respective square on his sheet of paper with the
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shade designated by the signal. At the end he would have
a picture which, if reduced to the original size of the 3 by
3 inches, would be a fair representation of the original
photograph.

Needless to say, this procedure, while perfectly possible,
would be highly impractical, because of the time consumed
in sending by telegraph 90,000 shade signals, at the rate of
4 per second.

In television the pictures must be received and recreated
at the receiver, at a speed of at least 24 pictures per second,
since the illusion of motion is desired, just as it is produeced
in motion pictures. This is for the same reason that in mo-
tion pictures a minimum of 24 pictures per second must be
projected, because the power of the eye is such that no
flicker is then apparent, and it appears that the picture is
on the screen continuously.

Demand for Speed

To transmit at least 24 pictures per second, and recon-
struct them at the receiver, that is, one picture every one-
twenty-fourth of a second, would mean that the above pro-
cedure would necessarily have to be speeded up at least
500,000 times. In short, electronic television was called
upon to perform the task one-half million times faster than
the ‘“‘drawing board-telegraph operator’’ method outlined,
if the illusion of motion was to be achieved.

This presented a new problem, and a requirement rad-
ically different from any in existing wire line or radio
transmission. In the case of the operator sending four
shade designations per second by telegraph, approximately
20 electrical impulses per second were required. To trans-
mit by telegraph at the rate of 250 words per minute, a
very high-speed circuit, only slightly more than 60 impulses
per second are required. Telephone communication requires
between 3,000 and 10,000 impulses per second depending
upon the excellence of the reproduced speech.
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Eleetronie television presented an entirely new problem.
Taking the example given above of 90,000 picture elements
for each picture and 24 pictures per second, it would be
necessary to transmit over two million impulses per second.

In actual practice, in the latest developments in electronic
television, high-definition pictures will probably have 343
lines or more, with 30 picture frames per second. The
method by which this is accomplished will be explained
later, but this fact will be used, at this time, to make clear
the difficult problem involved, and solved.

Actually a square picture like the 3 x 3 photograph re-
ferred to is not pleasing to the eye. Experience, both in
photography and television, has found that other ratios are
more pleasing such as 3x 4,4 x5, 6 x 7, ete. The 3 x 4 ratio
will probably become standard in television. This ration of
the height to the breadth is known as the aspect ratio.
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Fig. 27. 343 Lines with Aspect Ratio of 3 x 4

Thus it will be seen (Fig. 27) that if 343 lines are used,
457 divisions would be necessary in order to divide the
picture field into square elements. This would make 156,751
elements for each picture, and with 30 pictures per second,
the astounding figure of 4,702,530 impulses per second
would be required.

The problem confronting electronic television was to
speed up the procedure outlined in sending the photograph
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420 Scdnning Lines

£40 Scanning Lines

Fig. 28. How “Definition” Increases with Number of Secanning Lines

(Courtesy of : R.C.A4.)
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120 Beanning Lines

240 Seanning Lines

Enlargenent

Fig. 29. Television Picture of Actual Outdoor Scene Showing How Lines
Increase the Definition

(Courtesy of : R.C.A.)






CHAPTER VII
HIGH DEFINITION—Continued
How the Obstacles Were Met

Experiments showed that at least 200 lines per picture
field were necessary in reproducting pictures satisfactory
for sustained entertainment. Obviously, the more lines per
picture the higher the definition and quality of the picture
at the receiver.

As has been stated, 343 lines per picture, 30 pictures per
second, interlaced, have been suggested to be used in elec-
tronic television. Interlacing will be explained later. First,
however, it may be well to call attention to certain features
of electronic television which would seem to prove its
superiority over older methods involving mechanical
scanning.

If 343 lines are used, at a rate of 30 pictures per second,
that is, scanning a complete picture every one-thirtieth of
a second, each line will necessarily be scanned, or com-
pletely gone over from left to right, in less than one ten-
thousandth of a second.

The scanning line moves across the picture from left to
right, and then very quickly snaps back to the left to again
begin its rapid, but uniform, journey across the next

adjacent line. In its journey across a single line in

10,290

of a second, 457 elements are scanned. This means that
. . 1 .

each element is scanned 1nmof a second. See Fig.

30. These figures present strikingly the great rapidity of
scanning. (Actually the scanning time is even less because
this includes return.) '

In the first place it must be realized that the electron
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making of mechanical parts to move at the terrific speeds
indicated present problems that would, at least, make the
cost of devices using them prohibitive for general use.

Fig. 32. The Interior of a Mechanical Scanning Receiver

(Courtesy of : The Franklin Institute)

Electronic television, however, meets all of these require-
ments in a manner neither complicated nor costly beyond
the reach of general distribution.
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Fig. 33. Mechanical Scanning Television Receiver. The large disk is driven
by a high-speed motor

(Courtesy of : The Franklin Institute)



CHAPTER VIII
SIMPLE LINEAR AND INTERLACED SCANNING

Many modes of scanning have been tried and used, but
two modes seem to stand out above all others, the simple
linear method and interlaced. The first method will be de-
seribed so that the second can better be understood. Indi-
cation are, however, that the interlaced method will be used
in electronic television, because it eliminates ‘‘flicker’’ and
has other advantages.

Simple Linear Method

Let it be assumed that 240 lines are desired at the rate
of 24 pictures or frames per second. This means that in
each one-twenty-fourth of a second a complete picture is
scanned. In the Farnsworth System this means that 24
times a second the complete electron image is carried across
the scanning aperture horizontally 240 times, line by line.
In the iconoscope the scanning beam passes across the
mosaic 240 times in each one-twenty-fourth of a see-
ond. For the purpose of making the proposition more clear
let it be assumed that the electron image remains fixed
and that the scanning line moves.

Due to the fact that both the horizontal and vertical coils
are operating at the same time to move the scanning line,
the lines are not exactly horizontal but have a slight
“‘piteh,’’ but all are parallel.

Starting at the upper left-hand corner of the ‘“‘frame,”
(see Fig. 34), at the point A, the scanning line moves to the
point B at a uniform rate. At B there is a quick retrace to
C. Then from C to D the line again moves at a uniform
rate. This procedure continues until the point K is reached
and the picture has been completely scanned: 238 scanning
lines and quick returns, making 238 complete cycles (hori-
zontal) have been consumed.
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pears steady and continuous. The same is true of a tele-
vision picture, and it has been found experimentally that if
the vertical scanning rate is speeded up to the order of 48
to 60 cycles per second, flicker is eliminated.

It is obvious that the vertical scanning rate of 24 cycles
per second used in simple linear scanning might be speeded
up to 48 or 60 cycles per second, for the elimination of
flicker. If the 240 lines per picture frame were used with
a vertical frequency of 48 cycles, it would mean 11,520 hori-
zontal cycles per second.

However, a most ingenious method of scanning known as
interlaced has been evolved. This will be first explained,
and its advantages over merely speeding up simple linear
scanning for the elimination of flicker will then be more
eagily understood.

Interlaced scanning is similar to simple linear scanning,
except that the vertical scanning is of a frequency two or
three times faster than would be used with simple linear
scanning; and that the lines of successive scansions are
displaced vertically from each other by one half the dis-
tance between previous lines.

In short, in interlaced scanning, each picture or frame,
is scanned twice, the second scanning lines falling half way
between the first scanning lines.

Thus, 343 lines interlaced scanning at the rate of 30 pic-
tures per second, is the same as two half-pictures of 171%
lines each, each half-picture scanned at the rate of 60 piec-
tures per second. The complete scene is scanned once with
171Y% lines at the rate of 60 pictures per second, then it is
scanned again with 17114 lines at the same rate of 60
pictures per second, the second set of scanning lines fall-
ing halfway between the first. Hach picture is scanned
twice, and each time with 1711/ lines in 1/60 of a second,
which is equivalent to 343 lines in 1/30 of a second.

All this ean best be understood by referring to Fig. 35.
From the point 4 the first set of seanning lines starts. The
scanning line moves uniformly from 4 to B, then a quick
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retrace to C, and so on to the points £ and I'. (The first
set of scanning lines are in black.) Starting from F' the
line moves from left to right, but instead of completing
its course, at (7 it goes to a point H, a quick retrace to I,
and then to a point J, midway between the two first scan-
ning lines. It is obvious that F'G is a ‘‘half-line.”’

Fig. 35. Interlaced Seanning

Now at J the line travels to B (gray), and there is the
half-line from J to B (gray). The second set of scanning
lines, falling midway between the first are shown in gray.
These lines continue until point £ (gray) is reached. Then
the line travels back to X (gray), thence Y (gray) and
finally to 4, when the whole procedure is repeated.

Now it will be seen that the second set of scanning lines
in interlaced scanning fall midway between the first. When
the receivers are considered it will be seen that this has
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an effect like ‘‘retouching’’ or ‘‘strengthening’’ the pie-

tures at the receiver.

There is also another very important reason why it is
better to eliminate flicker by means of interlaced scanning
rather than speeding up simple linear scanning. It is ob-
vious that in the case of simple linear scanning, 240 lines
at 24 picture frames per second, flicker could be eliminated
by speeding up the vertical scanning rate to 48 or 60 pic-
tures per second. However, if this were done, it would be
impossible to utilize the standard sound film now available,
because both sound and picture film are printed for a
standard speed of 24 pictures per second. It would be im-
practical and costly to reprint film so that it could be used
at a higher speed.

However, careful study has shown that if interlaced
scanning is resorted to, the vertical scanning can be in-
creased without speeding up the picture rate. Thus it is
possible to not only eliminate flicker, but at the same time
keep available for television use the vast wealth of in-
teresting matter found in the form of standard sound
motion picture film. This is done by simply scanning the
same picture more than once. The scanning of the film by
this method differs from that described before in the Tele-
cine, because now both vertical and horizontal scanning
coils are used.

Interlaced scanning can be either of the ‘‘half-line”’
variety deseribed, or ‘‘full-line’’; in the former case an odd
number of lines will be used, and in the latter an even
number. The number of lines interlaced and whether they
will be an even or odd number is a standard that will
eventually be fixed. There is much to be said for both
“even’’ and ‘‘odd’’ numbers of lines; 343 lines at 30 pic-
ture frames per second were used here merely as an ex-
ample. From the following table it will be seen how the
definition of the resultant pictures is increased by raising
the number of lines. Kven figures for lines are used for






CHAPTER IX
THE “SAWTOOTH”” WAVE CURRENT

Having considered the rudiments and requirements of
scanning, the methods by which the desired results are at-
tained in electronic television will now be taken up.

Discussion

The deflection of the electron beam at both transmitter
and receiver is most conveniently obtained electromagnet-
ically. This requires that a ‘‘sawtooth wave’’ current be
made to flow through the deflecting coils having consid-
erable inductance.

In Fig. 36, the horizontal scanning will first be considered.
The horizontal scanning current is supplied to the two coils
shown, which are arranged in series. If an ordinary oscil-
lating current were supplied to these two coils, at the proper
frequency, the scanning beam would simply be moved for-
ward and backward, 4 to B, and B to 4, in a straight line.
The rate would be uniform in each direction.

Now it is highly desirable that the rate from 4 to B be
uniform, for if the rate of scanning across a picture is not
uniform across the entire width of a picture field, the signal
will not bear the same relation to light intensity in all parts
of the field. This effect is even exaggerated in the repro-
ducer so that the picture appears to be unequally illu-
minated.

However, it is necessary to get back, on the retrace from
B to A4, as quickly as possible, since, as has before been
explained, it is desired to approximate a continuous straight
line as nearly as possible for all of the consecutive hori-
zontal scanning lines, that is, the lines from left to right.
The sawtooth wave current accomplishes this very well.

It is analogous to likening the scanning line, or better,
the path of the beam, to a rubber band. A uniformly in-
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tron beam would be pulled from left to right at a uniform
rate as the potential increased uniformly. The two fields
being in series, it is obvious that one attracts, while the
other repels, so that as long as the potential is in one di-
rection, the motion of the electron beam will be in one
direction. Now, if, when the point B is reached on the
journey from 4 to B, the potential is suddenly reversed, it
is obvious that the beam will be ‘‘snapped back’’ to A4;
then the procedure is repeated, taking the beam from 4 to
B again at a uniform rate.

For the purpose of more easily explaining this procedure,
simple linear scanning, with 240 lines at the rate of 24
pictures or frames per second, will be considered. The
problem involved in interlaced scanning is essentially the
same.

Each one-twenty-fourth of a second the beam makes 240
complete trips from the left to the right, and back to the
left of the entire picture field, that is, the field is secanned
horizontally 240 times. In each eycle the journey from left
to right (A4 to B) is uniform, while the return from right to
left (B to 4) is a quick retrace.

If there were no vertical scanning coils, the beam would
merely move forward and backward in a horizontal line,
such as 4—PB, completely across the picture field, at a
frequency of 5,760 cycles per second (24 times 240).

However, while the horizontal scanning coils are carry-
ing the beam forward and backward horizontally, the ver-
tical scanning coils are also exerting a ‘‘pull’’ on the beam,
at right angles to the horizontal. Each one-twenty-fourth
of a second the vertical coils carry the beam completely
down from the top of the picture field to the bottom, at a
uniform rate, since they too are fed a ‘‘sawtooth current”’
of proper frequency, and a quick ‘‘retrace’’ to the top of the
picture field.

Thus it will be seen that two ‘‘forces,”’ of different fre-
quencies, and at right angles to each other, are ‘“pulling’’
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on the beam. The path of the beam is therefore a resultant
of these two forces, and instead of the horizontal lines
being exactly horizontal, as from 4 to B, they have a slight
piteh as from 4 to C. Finally the scanning line reaches a
point K.

In short—always remembering that the purpose is to
scan the entire picture field, and to get back to the initial
point to begin anew—in simple linear scanning the pro-
cedure is as follows (see Fig. 36): For the scanning of one
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Fig. 37. The Line Synchronizing Impulses

U

picture frame in one-twenty-fourth of a second, the vertical
coils ‘“‘pull”’ the beam uniformly from the top to the bottom
of the picture field, while the horizontal coils move the
beam across the field 238 times. Reaching the point K,
there is a quick retrace of the vertical scanning from the
bottom to the top of the field, and during this retrace, there
are two horizontal lines used. This brings the beam back
to A4, the initial point. ,

It must be remembered that the sawtooth current does
not go out with the picture signal. The sawtooth scanning
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currents, both vertical and horizontal, are generated for
the pick-up, and like horizontal and vertical sawtooth scan-
ning currents, identical in respective frequencies, are gen-
erated for the receiver in the receiver.

It is obvious, however, that there must be synchroniza-
tion of deflecting coils between the pick-up and the re-
ceiver. This is achieved by means of pulses transmitted
between horizontal lines, and between vertical scansions.

These pulses are transmitted right along with the picture
| l] h ,4 :
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Fig. 38. The Picture Frequency Scanning Current (Top) Complete Signal
(Lower)

PICTURE \,
FREQUENCY

SCANNING

CURRENT _

"

PICTURE . [, ,,
SIGNAL™{]L, |

frequencies, though preferably over a separate radio trans-
mitter. They are separated from the picture frequencies
at the receiver simply by amplitude selection.

The period of the quick retrace in both horizontal and
vertical scanning lines is most ingeniously used as the
period for sending these synchronizing impulses.

In Fig. 37, there will be seen (above) the horizontal saw-
tooth seanning wave for two complete horizontal eyeles.
As the sawtooth current rises uniformly from 4 to B, in
the time ¢,, the line moves uniformly from left to right.
The picture signal, as shown in the lower part of the dia-









CHAPTER X

THE RADIO FREQUENCIES INVOLVED IN
ELECTRONIC TELEVISION

Problem

Now that the optical image has been ‘“‘dissected’’ in the
pick-up device, and an ‘‘electrical replica’’ obtained in the
form of television signals, the next two problems, it will be
seen, are (1) How are these signals to be transmitted to
points distant from the pick-up? and (2) How are the sig-
nals at those points to be received and reassembled into
optical images?

The radio frequencies involved in electronic television
presented new problems. It must be remembered that in
the transmission of speech and music over the standard
broadcast band between 550 and 1,500 kilocyeles, only 5,000
electrical impulses per second are required, although in
some of the present ‘‘high fidelity’’ broadcasting as many
as 8,000 impulses are used to give a ‘“truer’’ and better
transmission and reception of music. Taking 10,000 im-
pulses as the outside limit required for the standard broad-
casting of speech and musie, it will be seen that 10 kilo-
cyeles (10,000 cycles) constitute a broadcast band sufficient
for each station in the standard broadecast band between
550 and 1,500 kilocyecles.

It is a basic principle in radio communication that the
width of a frequency band required for a given type of
communication depends upon the number of electrical im-
pulses per second which must be transmitted.

The radio frequencies involved in high-definition elec-
tronic television arise largely from the following factors:
(1) line definition—the horizontal scanning frequency; (2)
frames or pictures per second—the vertical scanning fre-
quency; (3) the aspect ratio—the ratio of the picture’s
height to its breadth.
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This is better explained by taking a specific case. Let it
be assumed that it is desired to transmit 343 lines, inter-
laced, at 30 pictures per second, with an aspect ratio of 3
(height) to 4 (breadth).

A glance at Fig. 40 will show that it will b<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>